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(57) In order to provide a transmission type screen
capable of maintain sharpness of image without impair-
ing uniformity of emergent light to be emitted therefrom,
a transmission type screen 40 of the present invention
includes a microlens array substrate 50 having a first
surface 51 equipped with a microlens array 54 including
a plurality of microlenses; and a light diffusion substrate
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60 having a second surface 61 equipped with a light dif-
fusion surface; wherein the first surface 51 of the micro-
lens array substrate 50, which is equipped with the mic-
rolens array, and the second surface 61 of the light dif-
fusion substrate 60, which is equipped with the light dif-
fusion surface, are opposedly arranged.
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Description

TECHNICAL FIELD

[0001] The presentinvention relates to a transmission
type screen capable of preventing reductionin brightness
in animage peripheral part, and a head-up display device
using such a transmission type screen.

BACKGROUND ART

[0002] For example, a head-up display (HUD) device
for vehicle projects driving information (e.g., speed dis-
play and navigation display) as a virtual image such that
the virtual image is projected ahead of a front windshield
relative to a driver, i.e., the virtual image is superposed
on a foreground of a front viewing field. A vehicle display
system using such a HUD can restrain as much as pos-
sible movement of a line of vision of a driver, when he/she
observes the driving information.

[0003] In the field of the above-described head-up dis-
plays and projectors, the use of a microlens array (MLA)
as a transmission type screen is proposed.

[0004] In particular, the reason for using a microlens
array as a transmission type screen member in the field
of head-up displays resides in that the microlens array
can make uniform an intensity of emergent light within a
certain emergent angle range. On the other hand, when
one sheet of microlens array is used, it is known that
excessive pixel bright spots occur. Thus, it is proposed
that two sheets of microlens array are used in a head-up
display.

[0005] As an apparatus using two sheets of microlens
array as a transmission type screen, Patent Document
1 (JP5149446B) discloses a light source unit including a
light source, and an optical element including a first mi-
crolens array unit and a second microlens array unit in
which a plurality of microlenses are arrayed respectively,
wherein the first microlens array unit and the second mi-
crolens array unit are opposedly spaced apart from each
other at a distance longer than a focal distance of the
microlenses arrayed on the first microlens array unit.
[0006] Patent Document 1: JP5149446B

DISCLOSURE OF THE INVENTION

[0007] According to the head-up display including a
transmission type screen using two sheets of microlens
array described in Patent Document 1, occurrence of ex-
cessive pixel bright spots can be prevented. However, in
atransmission type screen using two sheets of microlens
array, there is another problem in that uniformity of emer-
gent light emitted from the transmission type screen is
impaired, as well as sharpness of an image is reduced
(resolution lowers).

[0008] The present invention has been made in order
to solve the above problem. A transmission type screen
according to the presentinvention comprises a microlens
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array substrate having a first surface equipped with a
microlens array including a plurality of microlenses; and
a light diffusion substrate having a second surface
equipped with a light diffusion surface; wherein the first
surface of the microlens array substrate, which is
equipped with the microlens array, and the second sur-
face of the light diffusion substrate, which is equipped
with the light diffusion surface, are opposedly arranged.
[0009] In addition, in the transmission type screen ac-
cording to the present invention, an opposed interval be-
tween the microlens array substrate and the light diffu-
sion substrate is not less than 0 um and not more than
100 pm.

[0010] In addition, in the transmission type screen ac-
cording to the present invention, the microlens array is
disposed in afirst direction and a second direction cross-
ing the first direction, and a diffusion angle of the micro-
lens array substrate in the first direction and a diffusion
angle of the microlens array substrate in the second di-
rection differ.

[0011] In addition, in the transmission type screen ac-
cording to the present invention, a diffusion angle of the
light diffusion substrate is not less than 5° and not more
than 6°.

[0012] In addition, in the transmission type screen ac-
cording to the present invention, the light diffusion sur-
face has micro-irregularities.

[0013] In addition, in the transmission type screen ac-
cording to the present invention, a cycle of the micro-
irregularities is random.

[0014] In addition, a head-up display device according
to the present invention uses the transmission type
screen as described above.

[0015] In addition, the head-up display device accord-
ingto the presentinvention comprises a laser light source
configured to emit laser light; and a scanner configured
to allow the laser light to scan on the transmission type
screen.

[0016] In addition, the head-up display device accord-
ing to the presentinvention comprises alight source con-
figured to emit light; and an LCOS element configured to
reflect the light onto the transmission type screen.
[0017] In addition, the head-up display device accord-
ing to the presentinvention comprises a light source con-
figured to emit light; and a DMD element configured to
reflect the light onto the transmission type screen.
[0018] As compared with a transmission type screen
using two sheets of microlens array, the transmission
type screen according to the present invention can main-
tain sharpness of an image without impairing uniformity
of brightness of emergent light.

[0019] In addition, the head-up display device accord-
ing to the present invention can maintain brightness
sharpness without impairing uniformity of an image.

BRIEF DESCRIPTION OF THE DRAWINGS

[0020]
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Fig. 1 is a view showing a vehicle 5 on which a head-
up display device 100 according to an embodiment
of the present invention is mounted.

Fig. 2 is a view showing a structure of the head-up
display device 100 according to the embodiment of
the present invention.

Fig. 3 is a view showing a transmission type screen
40 according to the embodiment of the present in-
vention.

Fig. 4 is a view showing a transmission type screen
40 according to another embodiment of the present
invention.

Fig. 5 is a view showing superposed image display
of information performed by the head-up display de-
vice 100 according to the embodiment of the present
invention.

Fig. 6 is a perspective view showing in enlargement
an opposed interval between a microlens array sub-
strate 50 of the transmission type screen 40 accord-
ing to the embodiment of the present invention and
a light diffusion substrate 60 thereof.

Fig. 7 is a view showing a microlens array 54 extend-
ing in a first direction and a second direction, which
is seen from a z-axis direction.

Fig. 8is a view for describing a definition of a diffusion
angle.

Fig. 9 is a view for schematically describing an ex-
ample of a manufacturing step(s) of the microlens
array substrate 50.

Fig. 10 is a view for schematically describing an ex-
ample of a manufacturing step(s) of the light diffusion
substrate 60.

Fig. 11 is a view for schematically describing an ex-
ample of a manufacturing step(s) of the light diffusion
substrate 60.

Fig. 12 is a view for schematically describing an ex-
ample of a manufacturing step(s) of the light diffusion
substrate 60.

Fig. 13 is a view for schematically describing ar-
rangement patterns of the microlens array substrate
and the light diffusion substrate.

Fig. 14 is a view showing a result of the arrangement
pattern (1).

Fig. 15is a view showing a result of the arrangement
pattern (2).

Fig. 16 is a view showing a result of the arrangement
pattern (3).

Fig. 17 is a view showing a result of the arrangement
pattern (4).

Fig. 18 is a view showing a result of the arrangement
pattern (5).

Fig. 19 is a view showing a result of the arrangement
pattern (6).

Fig. 20 is a view showing a result of the arrangement
pattern (7).

Fig. 21 is a view showing a result of the arrangement
pattern (8).

Fig. 22 is a view showing difference in existence and
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type of the light diffusion substrate 60.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0021] Embodiments of the present invention will be
described herebelow with reference to the drawings. Fig.
1is aview showing a vehicle 5 on which a head-up display
device 100 according to an embodiment of the present
invention is mounted. Fig. 2 is a view showing a structure
of the head-up display device 100 according to the em-
bodiment of the present invention. The drawings ex-
plained below are schematic views, and may differ from
an actual shape, size and arrangement.

[0022] The head-up display device 100 according to
the embodiment of the present inventionis to be mounted
on the vehicle 5, and is configured to project, from a pro-
jecting unit 85, speed information display, navigation in-
formation display, etc., as a virtual image, onto a wind-
shield 6 or a combiner (not shown) disposed between a
driver and the windshield 6, so as make a superposed
display in which the virtual image is superposed on a
foreground of a front viewing field.

[0023] Fig. 5is a view showing superposed image dis-
play of information performed by the head-up display de-
vice 100 according to the embodiment of the present in-
vention. Fig. 5 shows an example of an image of the
windshield 6 viewed by a observer’s eye E of a driver of
the vehicle 5.

[0024] Next, details of the projecting unit 85 constitut-
ing the head-up display device 100 are described. Fig. 2
mainly shows an example of a structure of the projection
unit 85 of the head-up display device 100 according to
the embodiment of the present invention. Coordinates in
the projection unit 85 are defined by three-dimensional
orthogonal coordinates of x, y and z. For example, light
emitted from a first light source 11 is light that is emitted
in a direction parallel with the x direction. In addition, an
optical axis of the transmission type screen 40 is in par-
allel with the z direction. The optical axis of the transmis-
sion type screen 40 is defined as a normal line of a main
surface of a microlens array substrate 50 constituting a
part of the transmission type screen 40, in which a mic-
rolens array 54 is formed, the normal line passing through
a center of gravity of a microlens array 54.

[0025] The transmission type screen 40 according to
the presentinvention is composed of the microlens array
substrate 50 and a light diffusion substrate 60. Details of
the structure of such a transmission type screen 40 will
be described later.

[0026] A direction of the axis in parallel with the x-axis
is sometimes referred to as a first direction, and a direc-
tion of the axis in parallel with the y-axis is sometimes
referred to as a second direction (perpendicular to the
first direction). In addition, in the embodiment shown in
Fig. 1, although a layout in which the first direction is a
vertical direction and the second direction is a horizontal
direction is described by way of example, a layout of the
transmission type screen 40 in the head-up display de-
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vice 100 is not limited to such a layout.

[0027] Lightofanimage to be displayed is emitted from
a projector 10. The projector 10 includes a first light
source 11, a second light source 12, a third light source
13, afirst dichroic prism 21, a second dichroic prism 22,
a collimator lens 26 and so on.

[0028] Thefirstlight source 11, the second light source
12 andthe third light source 13 emit light of different wave-
lengths from one another. The first light source 11 emits
light of a first wavelength, the second light source 12
emits light of a second wavelength, and the third light
source 13 emits light of a third wavelength. In this em-
bodiment, the light of the first wavelength emitted from
the first light source 11 may be blue light, the light of the
second wavelength emitted from the second light source
12 may be green light, and the light of the third wavelength
emitted from the third light source 13 may be red light.
[0029] As the first light source 11, the second light
source 12 and the third light source 13, various laser
apparatuses such as semiconductor laser apparatuses
(laser light sources) that emit laser light as coherent light.
[0030] In this embodiment, the light of the first wave-
length emitted from the first light source 11 and the light
of the second wavelength emitted from the second light
source 12 respectively enter into different surfaces of the
firstdichroic prism 21, and the light of the third wavelength
emitted from the third light source 13 enters into the sec-
ond dichroic prism 22.

[0031] The light of the first wavelength emitted from
the first light source 11 transmits through the first dichroic
prism 21, while the light of the second wavelength emitted
from the second light source 12 is reflected by the first
dichroic prism 21. Thus, the light of the first wavelength
and the light of the second wavelength are combined.
[0032] The thus combined light of the light of the first
wavelength and the light of the second wavelength enters
into the second dichroic prism 22.

[0033] The light of the first wavelength emitted from
the first light source 11 and the light of the second wave-
length emitted from the second light source 12 transmit
through the second dichroic prism 22, while the light of
the third wavelength emitted from the third light source
13 is reflected by the second dichroic prism 22. Thus,
the light of the first wavelength, the light of the second
wavelength and the light of the third wavelength are com-
bined.

[0034] The laser light, which is the combination of the
light of the first wavelength, the light of the second wave-
length and the light of the third wavelength formed by the
second dichroic prism 22, passes through the collimator
lens 26 so as to be reflected by a projection mirror 30,
and enters into the transmission type screen 40. The pro-
jection mirror 30 has afunction of bidimensionally chang-
ing an angle. Thus, lightincident thereon can be bidimen-
sionally scanned, so that a projection image by desired
laser light is formed.

[0035] The projection mirror 30 is configured to be
movable in a rotation direction (a) about a first axis (not
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shown) in parallel with the y-axis, and to be movable in
a rotation direction (b) about a second axis (not shown)
perpendicular to the first axis.

[0036] The projection mirror 30 can be suitably re-
placed with another optical member, as long as it can
bidimensionally scan light incident thereon. As such an
optical member, itis possible to suitably use a galvanom-
eter mirror, a galvanometer scanner, a polygon mirror, a
prism, an acousto-optical element, an optical element
using MEMS (Micro Electro Mechanical System) tech-
nique, etc.

[0037] Inthis embodiment, a pointofthe projection mir-
ror 30 into which laser light enters and by which the laser
light is reflected, and a point at which the optical axis of
the transmission type screen 40 and the projection mirror
30 intersect with each other correspond to each other.
An optical path length between a laser light reflection
point ry in the projection mirror 30 and an uppermost
scanning point s inthe transmission type screen 40, and
an optical path length between the laser light reflection
point ry in the projection mirror 30 and a lowermost scan-
ning point s, in the transmission type screen 40, are
equivalent to each other.

[0038] The transmission type screen 40 according to
the present invention includes the microlens array sub-
strate 50 and the light diffusion substrate 60. Laser light
emergent from the projection mirror 30 is allowed to scan
on the microlens array substrate 50 of the transmission
type screen 40. The transmission type screen 40 is an
optical member formed of a transparent substrate having
a predetermined transmission factor or more.

[0039] The transmission type screen 40 can be formed
by using and molding an organicresin material, or formed
by using an inorganic material such as glass.

[0040] Fig. 3 is a view showing the transmission type
screen 40 according to the embodiment of the present
invention. Fig. 6 is a perspective view showingin enlarge-
ment an opposed interval between the microlens array
substrate 50 of the transmission type screen 40 accord-
ing to the embodiment of the present invention and the
light diffusion substrate 60 thereof.

[0041] In the embodiment of Fig. 3, a direction of the
axis in parallel with the x-axis is defined as afirst direction,
and a direction of the axis in parallel with the y-axis is
defined as a second direction (perpendicular to the first
direction).

[0042] Under the above definitions, the transmission
type screen 40 has the main surface that extends in the
first direction and the second direction perpendicular to
the first direction.

[0043] The microlens array substrate 50 includes a first
main surface 51 (referred to also as "first surface" here-
below) of the microlens array substrate 50, and a second
main surface 52 (referred to also as "third surface" her-
ebelow) of the microlens array substrate 50. The first
surface 51 is equipped with the microlens array 54 in
which a plurality of microlenses 53 are cyclically arrayed.
The third surface 52 is a smooth surface 55. The micro-



7 EP 3 264 173 A1 8

lens array substrate 50 is formed of a transparent sub-
strate. The smooth surface herein means a surface that
is not machined to have a structure such as a microlens
provided on the first surface.

[0044] Fig. 7 is a view showing the microlens array 54
extending in the first direction and the second direction,
which is seen from a z-axis direction. As shown in the
figure, when seen from the z-axis direction, a square mi-
crolens 53 whose side length is d is used in the trans-
mission type screen 40 according to the embodiment.
Pitches along which the microlenses 53 are arrayed are
preferably the same in the first direction and the second
direction. This is because the microlenses 53 are densely
arrayed so as to reduce straight transmission light.
[0045] Each microlens 53 is a spherical lens or a non-
spherical lens. The microlens 53 has, at an apex on the
side of the first surface 51, a curvature of a radius of
curvature R, in the first direction and a curvature of a
radius of curvature R, in the second direction. The apex
means a point at which each microlens 53 projects most
in the z-axis direction.

[0046] Itis preferable that a sectional shape in a plane
of each microlens 53, which is in parallel with the first
direction and includes the optical axis of the microlens
53, differs from a sectional shape in a plane of each mi-
crolens 53, which is in parallel with the second direction
and includes the optical axis of the microlens 53. In more
detail, although the radius of curvature R4 in the first di-
rection and the radius of curvature R, in the second di-
rection at the apex on the side of the first surface 51 of
the microlens 53 may be equivalent to each other, they
are preferably different from each other.

[0047] The reason is described below. In general, im-
age information to be displayed by the head-up display
device 100 has different aspectratios. Thus, in order that
reduction in brightness in an image peripheral partis pre-
vented such that the reduction in brightness in upper and
lower peripheral parts and the reduction in brightness in
right and left peripheral parts are substantially the same,
the radius of curvature Ry in the first direction and the
radius of curvature R, in the second direction at the apex
on the side of the first surface 51 of the microlens 53
preferably differ from each other.

[0048] Further, in consideration thatimage information
to be displayed by the head-up display device 100 is gen-
erally horizontally long, the radius of curvature Ry in the
first direction at the apex on the side of the first surface
51 of the microlens 53 is preferably larger than the radius
of curvature R, in the second direction.

[0049] In a head-up display using a laser light source
as a transmission type screen of the head-up display
device 100, speckle noise caused by laser light can be
advantageously prevented by using the microlens array
54.

[0050] In addition, the light diffusion substrate 60 has
a first main surface 61 (referred to also as "second sur-
face" herebelow) and a second main surface 62 (referred
to also as "fourth surface" herebelow). The second sur-
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face 61 is equipped with a light diffusion surface 64, and
the fourth surface 62 is a smooth surface 65.

[0051] The light diffusion surface 64 has micro-irregu-
larities a cycle of which is random. A concrete structure
of the light diffusion surface 64 having micro-irregularities
of random cycle will be apparent from the below descrip-
tion about manufacturing steps. Similarly to frosted glass,
the light diffusion surface 64 is formed by providing micro-
scratches in a smooth surface. Further, the smooth sur-
face of the fourth surface 64 is a surface in which a struc-
ture such as the micro-irregularities of the second surface
is not provided, similarly to the above third surface.
[0052] Inthe transmission type screen 40 according to
the presentinvention, the first surface 51 of the microlens
array substrate 50, which is equipped with the microlens
array 54, and the second surface 61 of the light diffusion
substrate 60, which is equipped with the light diffusion
surface 64, are opposedly arranged. Moreover, an op-
posed interval between the microlens array substrate 50
and the light diffusion substrate 60 is preferably not less
than 0 um and not more than 100 um.

[0053] The above opposed interval means a distance
between a part of the microlens array substrate 50, which
is the closest to the light diffusion substrate 60, and a
part of the light diffusion substrate 60, which is the closest
to the microlens array substrate 50. For example, the
opposed interval means a distance between the most
projecting apex of the microlens array 54 of the microlens
array substrate 50 and the most projecting apex of the
light diffusion surface 64 of the light diffusion substrate
60. The opposed interval is similar to a distance X de-
scribed hereafter.

[0054] Intheaforementionedtransmission type screen
40, light emergent from the projection mirror 30 to be
allowed to scan on the microlens array substrate 50 form
animage on the light diffusion surface of the light diffusion
substrate 60.

[0055] Inthe transmission type screen 40 according to
the present invention, since an image is formed by the
microlens array substrate 50 and the light diffusion sub-
strate 60, light can be more efficiently transmitted in a
viewing direction, as compared with a case in which an
image is formed by using a mere screen, whereby in-
crease in brightness can be achieved. In addition, suffi-
cient brightness can be obtained even by a small quantity
of light. Thus, an output of each laser light source can be
decreased to save energy.

[0056] An image formed by the laser light on the mic-
rolens array 54 of the transmission type screen 40 is re-
flected by a concave mirror 80 so as to be projected on
the windshield 6.

[0057] Thus, the driver can recognize the image re-
flected by the windshield 6. The projection unit 85 may
be of either a structure in which an image is projected on
the windshield 6 of the vehicle, or a structure in which an
image is projected on a combiner (not shown) disposed
between the driver and the windshield 6.

[0058] Although this embodiment employs a layout in
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which the microlens array substrate 50 is disposed on
the side of the light source such as laser light, a layout
in which the light diffusion substrate 60 of the transmis-
sion type screen 40 is disposed on the side of the light
source, which is shown in Fig. 4, may be employed. How-
ever, it was found out that the former layout is preferred,
from an experiment result described later.

[0059] Anoptical member disposed between the trans-
mission type screen 40 and the windshield 6 or the com-
biner (not shown) is not limited to the concave mirror 80.
Another suitable optical member can be used depending
on a layout of the transmission type screen 40 and the
windshield 6 or the combiner (not shown).

[0060] Inthe aforementioned embodiment, there is de-
scribed an example in which the transmission type
screen 40 is applied to the head-up display device 100
that employs a laser projector system including the pro-
jector 10 and the projection mirror 30 as a drawing system
of the head-up display device 100. However, the trans-
mission type screen 40 can be applied to the head-up
display device 100 that employs an LCOS system using
a light source and an LCOS (Liquid crystal on silicon)
element, or a DLP (Digital Light Processing) system us-
ing a light source and a DMD (Digital Mirror Device) el-
ement.

[0061] In the case of the LCOS system, the head-up
display device 100 can be realized in such a manner that
light from the light source is selectively reflected by the
LCOS element, which is a reflective liquid crystal ele-
ment, toward the transmission type screen 40. On the
other hand, in the case of the DLP system, the head-up
display device 100 can be realized in such a manner that
light from the light source is selectively reflected by the
DMD element, which is a reflective element having a plu-
rality of micro-mirrors, toward the transmission type
screen 40.

[0062] Next, properties of a base material of the mic-
rolens array substrate 50 and the light diffusion substrate
60 constituting the transmission type screen 40 are de-
scribed. Any material can be used as the base material
of the transmission type screen 40, as long as it is a
transparent material. For example, a thermoplastic resin,
a thermosetting resin, a UV curing resin, an electron
beam curing resin, glass or the like can be used.
[0063] When athermoplastic resinis used as the base
material of the microlens array substrate 50 and the light
diffusion substrate 60, a polycarbonate resin, an acryl-
based resin, a fluorine-based acryl resin, a silicone-
based acryl resin, an epoxy acrylate resin, a polystyrene
resin, a cycloolefin polymer, a methyl styrene resin a flu-
orene resin, PET, polypropylene and so on can be used.
[0064] Inaddition, itis notnecessary that the microlens
array substrate 50 and the light diffusion substrate 60 are
formed of one base material. For example, in the case
of the microlens array substrate 50, the microlens array
54 and a substrate member may be formed as separate
members, and these members may be joined by means
of an adhesive and so on. Note that, in this case, all the
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members have preferably the same refractive index.
[0065] Next, a method of processing the microlens ar-
ray 54 in the transmission type screen 40 is described.
[0066] For example, the microlens array 54 can be
formed in the following manner. A metal mold is mechan-
ically cut into a microlens array mold by using a nano-
machining apparatus, and the mold is transferred to a
transparent resin. In addition, as the processing method
of the microlens array 54, the method of transferring the
mold to a resin by injection molding can be also used. In
addition, a method in which the microlens array 54 is
directly formed by mechanically cutting atransparentres-
in can also be used.

[0067] In order to control a light intensity distribution
(which depends on diffusion angles of the microlens array
substrate 50 and the light diffusion substrate 60 and so
on) of a view angle of the head-up display device 100 by
the above processing, the above-described non-spheri-
cal processing of nano unit is effective.

[0068] In addition, as the processing method of the mi-
crolens array 54, aresist/ reflow method, an ink jet meth-
od, an electron beam exposure method, a laser beam
drawing method, a method using chemical etching or
plasma etching, a method using a punch and so on can
be employed.

[0069] Next, preferred optical properties of the trans-
mission type screen 40 when the transmission type
screen 40 is used in the head-up display device 100 are
described. Firstly, a diffusion angle, which is frequently
used later, is defined.

[0070] Fig. 8 is a view for describing a definition of the
diffusion angle. In this specification, a diffusion angle 6
is defined as follows. Light is perpendicularly made to
enter into the microlens array substrate 50 and the light
diffusion substrate 60 constituting the transmission type
screen 40, and a maximum scattered light intensity |,
of the light emergent from the microlens array substrate
50 and the light diffusion substrate 60 is obtained. The
diffusion angle 6 is a full width at half maximum (FWHM)
that is a difference between two angles which are half
the maximum scattered light intensity I, .

[0071] Under the above definition, in the microlens ar-
ray substrate 50, a diffusion angle 6y in the horizontal
direction (second direction) and a diffusion angle 6y, in
the vertical direction (first direction), which are shown in
Fig. 6, has preferably a relationship 6, > 6y,. This is be-
cause image information to be displayed by the head-up
display device 100 is horizontally long.

[0072] Further, preferably, the horizontal diffusion an-
gle 0y is not less than 20° and not more than 60°, and
the vertical diffusion angle 6, is not less than 5° and not
more than 35° More preferably, the horizontal diffusion
angle 6 is not less than 20° and not more than 50°, and
the vertical diffusion angle 6y, is not less than 10° and not
more than 30°. In this case, the transmission type screen
40 used in the head-up display device 100 is optimum.
[0073] In addition, the light diffusion substrate 60 pref-
erably has a diffusion angle 6y that is not less than 5°
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and not more than 6°. As in the transmission type screen
40 according to the present invention, when the micro-
lens array substrate 50 and the light diffusion substrate
60 are used in combination, it is preferable to combine
the microlens array substrate 50 with the light diffusion
substrate 60 having a small diffusion angle, in order to
keep an anisotropic diffusion property (property in which
diffusion profiles differ in the horizontal direction and the
vertical direction) of the microlens array substrate 50 (this
is because, when the microlens array substrate 50 is
combined with a light diffusion substrate having a large
diffusion angle, an isotropic diffusion property of the light
diffusion substrate becomes dominant, resulting in an
isotropic diffusion as a whole). However, if the diffusion
angle of the light diffusion substrate 60 is not more than
5°, arainbow pattern caused by diffraction light does not
disappear. Thus, the present invention employs, as the
diffusion substrate 60, a diffusion substrate having a dif-
fusion angle 6, that is not less than 5° and not more than
6°.

[0074] Fig. 9 is a view for schematically describing an
example of manufacturing steps of the microlens array
substrate 50. In this example, the microlens array sub-
strate 50 is manufactured in the order of Fig. 9(A), Fig.
9(B) and Fig. 9(C).

[0075] In the step of Fig. 9(A), a substrate 71 made of
a polycarbonate resin as a transparent resin material is
prepared. Then, a steel member is mechanically cut
(ROBONANO manufactured by FANUC) to form a re-
cessed-shaped mold 75 on which a non-spherical mic-
rolens array is inverted.

[0076] Then, the steel member (mold 75) on which the
inverted microlens array is formed is coated with a UV
resin. As shown in Fig. 9(B), the substrate 71 is sand-
wiched between the mold 75 and a reference sheet 76
made of polycarbonate, and is irradiated with UV from
the side of the reference sheet 76. Thus, a microlens part
73 is formed on the substrate 71.

[0077] Then, as shown in Fig. 9(C), the mold 75 is
demolded and the reference sheet 76 is peeled, so that
the microlens array substrate 50 can be obtained.
[0078] Next, an example of manufacturing steps of the
light diffusion substrate 60 is described. Figs. 10 to 12
are views for schematically describing an example of
manufacturing steps of the light diffusion substrate 60.
[0079] Fig. 10(A) shows a mold member. One surface
of the mold member is sandblasted to obtain an interme-
diate member 123 shown in Fig. 10(B). Then, the sand-
blasted surface of the intermediate member 123 is further
bead-blasted to obtain a second mold 125 shown in Fig.
10(C).

[0080] In this embodiment, micro-irregularities are
transferred to a resin by injection molding with the use
of such a mold member. Since these micro-irregularities
are transferred to the blasted surface, a cycle of irregu-
larities is random. The thus manufactured micro-irregu-
larities function as the light diffusion surface 60 so that
light is isotropically diffused. The term "random" means
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that the array of micro-irregularities does not have regu-
larity.

[0081] In this embodiment, the metal mold member is
sandblasted and is further bead-blasted so as to form a
transfer pattern of the micro-irregularities. However, the
transfer pattern of the micro-irregularities may be formed
only by either sandblasting or bead-blasting the metal
mold member.

[0082] Note that, when the metal mold member is
sandblasted and is further bead-blasted so as to form a
transfer pattern of the micro-irregularities, the diffusion
property can be controlled by the sandblasting and the
surface can be smoothened by the bead-blasting. Thus,
haze of the light diffusion surface 64 created by the sec-
ond mold 125 can be reduced.

[0083] Fig. 11 shows that a space between the first
mold 115 and the second mold 125 is filled with a trans-
parent resin material 130. Fig. 12 shows that, after the
resin material 130 is cured (solidified), the resin material
130 is demolded from the first mold 115 and the second
mold 125, so as to obtain the light diffusion substrate 60
according to the present invention.

[0084] Inthe above manufacturing step example of the
light diffusion substrate 60, the light diffusion surface 64
is obtained by transferring the blasted part of the mold.
However, it is possible to form micro-irregularities by di-
rectly sandblasting and/or bead-blasting one surface of
the substrate 71 having opposed smooth surfaces.
[0085] As described above, the transmission type
screen 40 according to the present invention is charac-
terized in that the first surface 51 of the microlens array
substrate 50, which is equipped with the microlens array
54, and the second surface 61 of the light diffusion sub-
strate 60, which is equipped with the light diffusion sur-
face 64, are opposedly arranged. An experiment which
was conducted for confirming that this opposed arrange-
ment is preferred is described herebelow.

[0086] Fig. 13 is a view for schematically describing
arrangement patterns of the microlens array substrate
and the light diffusion substrate. (1) to (8) show different
opposed arrangements of the microlens array substrate
and the light diffusion substrate. (3) and (4) are the ar-
rangement patterns according to the present invention.
In Fig. 13, an orientation of light emitted from a projection
unit is shown by an arrow.

[0087] In addition, X shows an opposed interval. The
opposed interval X is defined as a distance between a
point of the microlens array substrate, which most
projects toward the light diffusion substrate, and a point
of the light diffusion substrate, which most projects to-
ward the microlens array substrate. The experiment was
conducted for the above-described (1) to (8) patterns in
which X had eight variations of 0, 50, 75, 100, 250, 500,
1000 and 2000 [um]. The opposed interval X could be
confirmed by means of a clearance gauge.

[0088] A substrate of a tetragonal lattice array in which
microlenses had a pitch of 31 um and a height 5 um was
used as the microlens array substrate. In addition, ARO-
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MA-BRIGHT FG-2035C (manufactured by Nippon Poly-
ester Co., Ltd) that is a diffusion plate made of polycar-
bonate was used as the light diffusion substrate.

[0089] By using transmission type screens of (1) to (8)
arrangement patterns, two kinds of images, i.e., a white
image and a text image were projected onto a combiner
(a glass substrate with a low reflection film applied to a
rear surface thereof). The images were photographed by
means of a digital camera (3872 X 2592 pixels).
[0090] As for data of the photographed white image,
the center of the picture was trimmed at a size of 256 X
256 pixels by using Image J (1.47v). Then, an average
brightness (Mean gray value) of gray scales (256 grada-
tions), a brightness dispersion (square of Standard de-
viation), arelative standard deviation (standard deviation
/ average brightness) of each pixel were obtained. They
are shown graphically.

[0091] A highervalue of the average brightness, which
is an index of lightness, is preferred. On the other hand,
a lower value of the brightness dispersion, which is an
index of variation, is preferred. Moreover, since a higher
lightness value and a lower variation value are preferred,
a lower value of the relative standard deviation, which is
obtained by standard deviation / average brightness, is
preferred.

[0092] Data of the photographed textimage were used
in a sensory inspection for evaluating readability of the
text.

[0093] Figs. 14 to 21 show results of the respective
arrangement patterns. In the respective drawings, (A) is
a graph showing the average brightness, the brightness
dispersion and the relative standard deviation for each
opposed interval, (B) shows a photographed text image,
and (C) shows a photographed white image for which
the values shown in (A) were calculated. In (B) and (C),
the opposed interval X is displayed in each image at a
lower right portion thereof.

[0094] In particular, also in the result of the arrange-
ment pattern (3) shown in Fig. 16, when X=50 [p.m], the
relative standard deviation takes a minimum value. Thus,
this type is understood as the most preferred embodi-
ment. Further, when X=0 to 100 [.m], the relative stand-
ard deviation takes a relatively low value. Thus, it can be
understood that this type can sufficiently function as the
transmission type screen 40. In addition, in the range of
X=0 to 100 [um], the text readability is high.

[0095] Similarly, in the result of the arrangement pat-
tern (4) shown in Fig. 17, when X=50 [pum], a speckle
contrast takes a minimum value. Thus, this type is un-
derstood as the most preferred embodiment. Further,
when X=0 to 100 [um], the speckle contrast takes a rel-
atively low value. Thus, it can be understood that this
type can sufficiently function as the transmission type
screen 40. In addition, in the range of X=0 to 100 [um],
the text readability is high.

[0096] The transmission type screen 40 according to
the present invention is characterized in that the first sur-
face 51 of the microlens array substrate 50, which is
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equipped with the microlens array 54, and the second
surface 61 of the light diffusion substrate 60, which is
equipped with the light diffusion surface 64, are oppos-
edly arranged. The transmission type screen 40 accord-
ing to the present invention can maintain sharpness of
an image without impairing uniformity of emergent light
to be emitted therefrom, as compared with a screen using
two sheets of microlens array. The effect provided by the
transmission type screen 40 according to the present in-
vention could be experimentally confirmed as described
above.

[0097] In addition, since the head-up display device
100 according to the present invention uses the afore-
mentioned transmission type screen 40, the head-up dis-
play device 100 according to the present invention can
maintain sharpness of an image without impairing uni-
formity of image.

[0098] Next, an experiment conducted for confirming
that, in the transmission type screen 40 according to the
present invention, a diffusion angle 6p that is not less
than 5° and not more than 6° is preferred is described.
The diffusion angle 6 was calculated by measuringa 'Y
value in a transmission factor measurement by bending
by using a three-dimensional gonio-spectrophotometric
color measurement system (GCMS-13 type, manufac-
tured by Murakami Color research Laboratory).

[0099] Fig. 22 shows observation results in which, as
a transmission type screen, (A) only the microlens array
substrate 50 was used, (B) the microlens array substrate
50 and the light diffusion substrate 60 having a diffusion
angle 0p of 4.6° were combined, and (C) the microlens
array substrate 50 and the light diffusion substrate 60
having a diffusion angle 6 of 5.7° were combined.
[0100] In the transmission type screen shown in Fig.
22(A) in which only the microlens array substrate 50 was
used, a stripe pattern of rainbow color, which is caused
by diffraction light, clearly appears, and thus this trans-
mission type screen is not appropriate.

[0101] In the transmission type screen shown in Fig.
22(B) in which the microlens array substrate 50 and the
light diffusion substrate 60 having a diffusion angle 6 of
4.6° were combined, although a stripe pattern of rainbow
color, which is caused by diffraction light, decreases as
compared with the case shown in Fig. 22(A), this trans-
mission type screen is not still appropriate.

[0102] Inthe transmission type screen 40 according to
the present invention shown in Fig. 22(C) in which the
microlens array substrate 50 and the light diffusion sub-
strate 60 having a diffusion angle 6p of 5.7° were com-
bined, a stripe pattern of rainbow color, which is caused
by diffraction light, disappear, and thus this transmission
type screen can be appropriately used as a transmission
type screen.

[0103] For this reason, the present invention employs,
as the diffusion substrate 60, a diffusion substrate having
a diffusion angle 0 that is not more than 5° and not less
than 6°.

[0104] As described above, the transmission type
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screen according to the present invention is character-
ized in that the first surface of the microlens array sub-
strate, which is equipped with the microlens array, and
the second surface of the light diffusion substrate, which
is equipped with the light diffusion surface, are opposedly
arranged. The transmission type screen according to the
present invention can maintain sharpness of an image
without impairing uniformity of emergent light to be emit-
ted therefrom, as compared with a transmission type
screen using two sheets of microlens array.

[0105] In addition, since the head-up display device
according to the present invention uses the aforemen-
tioned transmission type screen, the head-up display de-
vice according to the present invention can maintain
sharpness of an image without impairing uniformity of
image.

[0106] A conventional transmission type screen using
two sheets of microlens array has a problem in that uni-
formity of emergent light emitted from the transmission
type screen isimpaired, as well as sharpness of animage
is reduced (resolution lowers). On the other hand, the
transmission type screen according to the presentinven-
tion is characterized in that a main surface of a microlens
array substrate, which is equipped with a microlens array,
and a main surface of a light diffusion substrate, which
is equipped with the light diffusion surface, are opposedly
arranged. Since the transmission type screen according
to the present invention can maintain sharpness of an
image without impairing uniformity of emergent light to
be emitted, as compared with a transmission type screen
using two sheets of microlens array, the transmission
type screen has great industrial applicability.

DESCRIPTION OF REFERENCE NUMERALS

[0107]

5 Vehicle

6 Windshield

10 Projector

11 First light source

12 Second light source

13 Third light source

21 First dichroic prism

22 Second dichroic prism

26 Collimator lens

30 Projection mirror (scanner)

40 Transmission screen

50 Microlens array substrate

51 First main surface (first surface)

52 Second main surface (third surface)
53 Microlens

54 Microlens array

55 Smooth surface

60 Light diffusion substrate

61 First main surface (second surface)
62 Second main surface (fourth surface)
64 Light diffusion surface
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65 Smooth surface

71 Substrate

73 Microlens part

75 Mold

76 Reference sheet

80 Concave mirror

85 Projection unit

100 Head-up display device
123  Intermediate member
125  Second mold

130  Resin material

Claims

1. A transmission type screen comprising:

amicrolens array substrate having afirst surface
equipped with a microlens array including a plu-
rality of microlenses; and

a light diffusion substrate having a second sur-
face equipped with a light diffusion surface;
wherein the first surface of the microlens array
substrate, which is equipped with the microlens
array, and the second surface of the light diffu-
sion substrate, which is equipped with the light
diffusion surface, are opposedly arranged.

The transmission type screen according to claim 1,
wherein

an opposed interval between the microlens array
substrate and the light diffusion substrate is not less
than 0 um and not more than 100 pm.

The transmission type screen according to claim 1
or 2, wherein

the microlens array is disposed in a first direction
and a second direction crossing the first direction,
and

a diffusion angle of the microlens array substrate in
the first direction and a diffusion angle of the micro-
lens array substrate in the second direction differ.

The transmission type screen according to any one
of claims 1 to 3, wherein

a diffusion angle of the light diffusion substrate is not
less than 5° and not more than 6°.

The transmission type screen according to any one
of claims 1 to 4, wherein
the light diffusion surface has micro-irregularities.

The transmission type screen according to claim 5,
wherein a cycle of the micro-irregularities is random.

A head-up display device wherein the transmission
type screen according to any one of claims 1to 6 is
used.
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The head-up display device according to claim 7,
comprising:

alaser light source configured to emit laser light;
and

a scanner configured to allow the laser light to
scan on the transmission type screen.

The head-up display device according to claim 7,
comprising:

a light source configured to emit light; and
an LCOS element configured to reflect the light
onto the transmission type screen.

The head-up display device according to claim 7,
comprising:

a light source configured to emit light; and
a DMD element configured to reflect the light
onto the transmission type screen.
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